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Examination in: STK4540 — Non-Life Insurance Mathematics.

Day of examination: Thursday, December 1, 2011.

Examination hours: 14:30 – 18:30.

This problem set consists of 3 pages.

Appendices: None.

Permitted aids: Approved calculator.

Please make sure that your copy of the problem set is
complete before you attempt to answer anything.

Results to draw on
You will in this exercise probably be needing the rules of double expectation and double
variance; i.e.

E(Y ) = E{ξ(X)} and var(Y ) = E{σ2(X)}+ var{ξ(X)}

where ξ(x) = E(Y |X = x) and σ2(x) = var(Y |X = x). Also assume that all policy risks X
are based om Poisson counts so that E(X) = µξz and var(X) = µ(ξ2z + σ2z) where ξz and σz
are the standard deviation of the losses Z per incident. Upper normal pecentiles at 95% and
99% are 1.65 and 2.33.

Problem 1
Let X = X1 + · · ·+XJ be the sum of J identically distributed losses with mean and standard
deviation ξ = E(Xj) and σ = sd(Xj).

a) Formulate a criterion of diversification and argue that independent policies make all risk
disappear as J →∞.

b) Analyse diversification when X1, . . . , XJ are only independent given some common, ran-
dom factor ω and point out a basic change from the conclusion in a).

Suppose the J policy holders are attached individual claim intensities µ1, . . . , µJ with µj
drawn independently for each j.

c) Derive expressions for ξ = E(Xj) and σ = sd(Xj) and argue that diversification is perfect
as in a).

d) Use some simple mathematics to explain how things change in c) when µ1, . . . , µJ are
the same random µ.

(Continued on page 2.)
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Problem 2 The logistic model has distribution function

F (z) = 1− 1 + α

1 + αez/β
, z > 0

where α and β are positive parameters.

a) How should the model be modified when the currency you are using is changed to an-
other one?

b) Calculate Pr(Z − b > z|Z > b) and determine its limit as b→∞.

c Formulate the general result which has the conclusion in c) as a special case.

d) You won’t find a sampler of this distribution in standard software. Design one your-
self using the inversion algorithm.

Problem 3
Consider a portfolio with Poisson distributed number of claims with parameter λ = Jµ and
with the logistic distribution in Problem 2 as model for the individual losses.

a) Write a program simulating the portfolio loss X .

100000 simulations when λ = 20 and α = 1 and β = 1 produced the following descrip-
tion of the distribution of X :

Percentiles
E(X ) sd(X ) 0.01 0.05 0.25 0.50 0.75 0.95 0.99
27.7 8.1 11.4 15.4 22.0 27.3 32.9 42.0 48.9

b) Determine the 95% and 99% reserve of this portfolio and judge whether you might have
used the normal approximation.

c) Explain down to practical details how you compute re-insurance premia for a × b con-
tracts in terms of X and in terms of single events.

d) Modify your program in a) so that it simulates cedent net losses under the contracts
in c).

e) If the re-insurance contract is X re = max(X − a, 0), use the table above to write down the
approximate cedent 95% reserve when a = 30, 40 and 50.

Problem 4
Let

Yk = (1 + r)Yk−1 + Jπ −Xk, k = 1, . . . ,K

with Y0 = v0 in the beginning. Here r is a fixed rate of interest, J the number of policies,
π net premium per policy (overhead cost subtracted) and X1, . . . ,XK Poisson/logistic claims

(Continued on page 3.)
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as in Problem 3. Use below the representation

Yk = (1 + r)k(v0 − Sk) where Sk =

K∑
i=1

Xi − Jπ
(1 + r)i

.

a) Formulate the ruin problem and the ruin equation in property insurance.

b) Write a program solving the ruin equation by Monte Carlo using the program in 3a)
as input.

c) How do you build in that the company re-insurers as in Exercise 3c) and d)? Explain
how you do it for both types there.

Suppose X1, . . . ,XK and π are in fixed prices whereas the actual payout Xk and premium
received at time k is in an inflated price Qk where

Qk = (1 + Ik)Qk−1, k = 1, . . . ,K

with Q0 = 1 in the beginning and I1, . . . , IK rates of inflation.

d) How can the set-up and representation of Yk be modified so that the ruin solution in-
corporates rising prices?

Consider the Wilkie model of inflation under which Ik = (1+θ)eXk−1 whereXk = aXk−1+σεk
with ε1, . . . , εK independent and N(0, 1). Parameters are θ, a and σ and the X-process starts
at X0 = log{1 + i0/(1 + θ)} with i0 the initial rate of inflation .

e) Change the program in b) so that Wilkie inflation is taken into account.

END


